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Introduction ▼ Post-exercise hypotension (PEH) is a physiological phenomenon characterized by a reduction of blood pressure (BP) following exercise compared with pre-exercise values, which may be sustained for some hours [4, 14] . This acute effect of exercise has several benefits, such as reduced BP response to physiological [25] and psychosocial stressors [15] , including work activities [26] . Despite these benefits, some subjects present PEH (i. e., "high responders") while others do not (i. e., "low responders"). Interestingly, "high responders" and "low responders" were identified both in non-hypertensive [16, 2, 31] and hypertensive populations [19, 21, 24] following different exercise modalities, including aerobic [16, 19, 21, 24] and resistance exercises [21, 24, 31] . Therefore, it seems that there is a considerable inter-individual BP responsiveness variability following a specific exercise protocol. From a practical perspective, recently PEH has been considered a predictive tool to identify whether or not individuals are responsive to BP reductions with exercise training (i. e., "high" and "low responders") [23] . Previous studies have reported that the magnitude of PEH following a single bout of exercise was correlated with chronic changes in resting BP after a period of exercise training [16, 19, 22, 24, 31] . However, it remains unknown whether the same person will have BP responses that are similar when challenged by different exercise protocols. It is possible that some individuals may present variability in BP responses and the occurrence of PEH. Previously, Lacombe et al. [20] reported similar PEH during 60 min following a single bout of continuous exercise (CE) and high-intensity interval exercise (HIIE) in prehypertensive subjects. Interestingly, the magnitude to which an individual's BP response was correlated between the exercise conditions was not strong, suggesting that individuals may respond preferentially to either HIIE or CE (i. e., intra-individual variability between exercise protocols).
▼
Recently, post-exercise blood pressure (BP) has been considered a predictive tool to identify individuals who are responsive or not to BP reductions with exercise training (i. e., "high" and "low responders"). This study aimed to analyze the inter-and intra-individual BP responsiveness following a single bout of high-intensity interval exercise (HIIE) and continuous exercise (CE) in normotensive men (n = 14; 24.5 ± 4.2 years). Mean change in BP during the 60 min period post-exercise was analyzed and minimal detectable change (MDC) was calculated to classify the subjects as "low" (no post-exercise hypotension [PEH]) and "high responders" (PEH occurrence) following each exercise protocol (inter-individual analysis). The MDC for systolic and diastolic BP was 5.8 and 7.0 mmHg. In addition, a difference equal/higher than MDC between the exercise protocols was used to define an occurrence of intra-individual variability in BP responsiveness. There were "low" and "high" PEH responders following both exercise protocols (inter-individual variability) as well as subjects who presented higher PEH following a specific exercise protocol (intra-individual variability between exercise protocols). These results were observed mainly for systolic BP. In summary, PEH is a heterogeneous physiological phenomenon and, for some subjects, seems to be exercise-protocol dependent. Further investigations are necessary to confirm our preliminary findings.
This pilot study aimed to analyze the inter-and intra-individual BP responsiveness following a single bout of HIIE and CE. Our hypotheses are: i) there is an inter-individual responsiveness variability in BP responses following a specific exercise protocol (HIIE and CE) and ii) there is an intra-individual variability in BP responsiveness between the exercise protocols (i. e., subjects who present PEH preferentially to HIIE or CE).
Materials and Methods

▼
Subjects
14 normotensive (systolic and diastolic BP < 130/85 mmHg) [9] males volunteered to participate in this pilot study. To the best of our knowledge, only one previous study of exclusively normotensive subjects assessed the inter-individual BP responsiveness post-exercise. Tibana et al. [31] investigated the inter-individual BP responsiveness following a single bout of resistance exercises and after 8 weeks of a resistance exercise training program in normotensive women. No previous study has assessed the interand intra-individual BP responsiveness using different aerobic exercise protocols in the normotensive population. Subjects were recruited via personal or printed invitations in a university setting, via e-mail and online social networks. All subjects completed a medical history questionnaire and the physical activity readiness questionnaire (PAR-Q) before the study. All of the subjects were classified as apparently healthy, without contraindications to perform exercise, and injury-free at the time of this study. Exclusion criteria included: i) one positive response on the PAR-Q, ii) body mass index (BMI) < 18.5 kg/ m 2 or BMI > 30.0 kg/m 2 , iii) diagnosis of cardiovascular, metabolic, and orthopedic disease or any other contraindications for physical activity, as determined by a medical history, iv) be insufficiently physically active. The determination of the physical activity status was based on the American College of Sports Medicine guidelines [11] using the short-version of the International Physical Activity Questionnaire (IPAQ) [7] . Subjects who spent less than 600 MET.min.week − 1 including walking, moderate and vigorous physical activities during the last 3 months were included in the study. Although the IPAQ only refers to physical activity participation in the previous week, subjects were also asked whether the pattern of physical activity reported in the IPAQ was consistent with the previous 3 months. Subjects were informed about all procedures of the study, and gave written informed consent. The Ethics Committee of Federal University of Rio Grande do Norte approved this study (CAAE: 28710414.1.0000.5537). Our study meets the ethical standards of the journal [17] .
Study design
This was a randomized and counterbalanced study designed to compare the BP responsiveness following a single bout of HIIE and CE in healthy normotensive subjects. Each subject performed the following procedures: i) initial screening and physical evaluation; ii) maximal exercise test; iii) a single bout of HIIE and CE (randomized and counterbalanced; separated by one week). Initially, subjects were screened about medical history, physical activity readiness and physical activity status. They underwent a clinical examination where body weight (kg), height (m) and BP (mmHg) were measured. Body mass index (BMI) was calculated as weight (kg) divided by the square of height in meters (kg/m 2 ). BP was measured according to the recommendations of the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure [6] , using an automated oscillometric device (Omron ® HEM-780-E, Kyoto, Japan). Lastly, they were instructed to abstain from vigorous physical activity, caffeinated products and alcohol 24 h before the maximal exercise test and the HIIE and CE bouts, and to maintain a good sleep pattern.
Maximal exercise test
Subjects performed a maximal exercise test to determine the maximal treadmill velocity (MTV). All subjects had previous experience with treadmill exercise. Initially, the warm-up consisted of walking at 4 km · h − 1 for 5 min on a motorized treadmill (Inbrasport ® , Porto Alegre, Brazil). The incremental test started at 4 km · h − 1 with 1 % of inclination for 1-min followed by fixed increments of 1 km · h − 1 per minute until volitional exhaustion.
The MTV was defined as the velocity reached during the last full stage before volitional exhaustion. The heart rate (HR in beats/ minute) was continuously recorded throughout the test using a Polar Monitoring System (Polar Electro, Oy, Kempele, Finland).
The subjects' perceived exertion was assessed every minute using Borg's (6-20) RPE Scale [3] .
High-intensity interval exercise and continuous exercise protocols
Before the acute exercise bouts, subjects completed a warm-up . The whole HIIE bout was performed in 30 min (including warm-up and cool-down). This practical model of low-volume HIIE was adapted from Gibala et al. [12] . The CE protocol consisted of 20 min at 60 % of the MTV. Also, the CE protocol was performed in 30 min, including warm-up and cool-down. The HR was continuously recorded throughout both exercise bouts (Polar Electro, Oy, Kempele, Finland).
Blood pressure assessment
The systolic and diastolic BP were measured according to the recommendations of the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure [6] using an automated oscillometric device (Omron ® HEM-780-E, Kyoto, Japan) in a calm and controlled room (24-26 °C degrees). The cuff size was adapted to the circumference of the arm of each participant according to the manufacture's recommendations. The pre-exercise BP was measured after 10 min in a seated position. All BP measurements were performed in triplicate (with 1 min of interval between each one) at pre-exercise and 10, 20, 30, 40, 50 and 60 min postexercise bouts (HIIE and CE). For data analysis, the mean of the last 2 BP measurements at each time-point (pre-exercise and 10, 20, 30, 40, 50 and 60 min post-exercise) were considered, using a variation lower than 4 mmHg between the measurements.
Inter-and intra-individual analysis of post-exercise hypotension
To assess the inter-and intra-individual BP responsiveness following a single bout of HIIE and CE, we first assessed the reproducibility of pre-exercise BP over one-week interval. For this analysis, intraclass correlation coefficient (ICC, model 2,k), coefficient of variation (CV) and standard error of measurements (SEM) were considered. The CV between pre-exercise BP measurements was calculated as follows: CV = 100 × (2 × (SD d /√2)/ (X 1 + X 2 ). SD d represents the standard deviation of the differences between the 2 measurements, and X 1 and X 2 represent the 2 measurement means, respectively. SEM of pre-exercise BP was calculated as follows: SEM = SD × √(1 − ICC), with SD representing the standard deviation of the first pre-exercise BP measure. The SEM was used as a measure of variability, but primarily for the minimal detectable change (MDC) calculation. MDC, which is the minimal change necessary to provide confidence that the results are not a random variation or measurement error, was calculated as follows: MDC = z-score (90 % CI) × SEM × √2. All above mentioned procedures were adopted according to Haley and Fragala-Pinkham [13] and Darter et al. [8] . For the inter-individual BP responsiveness variability analysis following each exercise protocol, the subjects were considered as "high responders", if their BP post-exercise reached a value equal to or greater than the MDC, and as "low responders", if their BP post-exercise reached a value lower than the MDC. In addition, when the difference post-exercise (within-subject) between the HIIE and CE bouts reached a value equal to or greater than the MDC, we considered this an occurrence of intra-individual BP responsiveness variability between the exercise protocols. For all analyses, we used the mean change in systolic and diastolic BP (i. e., delta BP, post-exercise -pre-exercise) during the 60-min period post-exercise.
Statistical analysis
Data presented a normal distribution, as tested by the ShapiroWilk test. Results are expressed as mean ± standard deviation (SD). A 2-way repeated measures (exercise protocol vs. time) ANOVA was used to analyze BP and HR responses. In the case of sphericity assumption violation, the degrees of freedom were adjusted and reported using the Greenhouse-Geisser épsilon correction. Partial eta squared (η 2 p ) was used to determine the effect size. If necessary, Tukey's post-hoc test was used to determine where the significant differences occurred. To compare the % of maximal heart rate ( %HRmax) between the whole bout of HIIE (including the recovery periods) and CE, the paired-t test was used. Pearson's product-moment correlation was used to assess the possible relationship between the individual's BP responses following HIIE and CE protocols. The magnitude of correlation was qualitatively assessed according to Hopkins et al. [18] as follows: trivial r < 0.1, small 0.1 < r < 0.3, moderate 0.3 < r < 0.5, large 0.5 < r < 0.7, very large 0.7 < r < 0.9, nearly perfect r > 0.9 and perfect r = 1. For all analysis, the significance level was set at 5 % (p < 0.05). All data were analyzed using SPSS ® 20.0 for Windows (SPSS, Inc., Chicago, IL).
Results
▼
All subjects completed the study and were included in the analyses. On average, subjects were 24.9 ± 4.1 years of age and had a BMI of 24.2 ± 2.9 kg/m 2 . Moreover, they spent 495 ± 82 MET.min. ) physical activities. Table 1 shows the results of the variables related to the MDC calculation. The values of the MDC were 5.8 and 7.0 mmHg for systolic and diastolic BP, respectively, considering the ICC and SEM obtained from the pre-exercise BP measurements repeated with one-week interval. Results of systolic BP response following both exercise protocols are exposed in Table 2 . Mean post-exercise BP obtained during the 60-min period was used for this analysis. There was no interaction time by exercise protocol F(1,13) = 0.880, p = 0.365, η 2 p = 0.063. Compared to pre-exercise values, the subjects presented a similar decrease in systolic BP following both protocols (p < 0.05). Also, there was no significant interaction time by exercise protocol F(1,13) = 0.986, p = 0.339, η 2 p = 0.071 for diastolic BP. Moreover, compared to pre-exercise values, the subjects did not present a significant decrease in diastolic BP following both protocols (p > 0.05). Fig. 2 shows the systolic BP response following HIIE and CE bouts for each subject. Based on MDC, subjects 1, 3, 4, 7 and 13 did not present a significant systolic BP decrease following either HIIE or CE ("low responders") whereas subjects 2, 9, 10, 11 and 12 displayed a significant decrease in systolic BP following HIIE and CE ("high responders"). Subjects 8, 9, 10 and 14 displayed a greater decrease in systolic BP following a specific exercise protocol (i. e., HIIE or CE). Moreover, 36 % (5/14) of the subjects reached the systolic MDC following HIIE and 64 % (9/14) following CE. Fig. 3 shows the diastolic BP response following both exercise protocols for each subject. Based on MDC, subjects 1, 2, 6, 7, 8, 10, 11, 12, 13 and 14 did not present a significant diastolic BP decrease following HIIE and CE ("low responders") and nobody displayed a significant decrease in diastolic BP following HIIE and CE ("high responders"). Subjects 2, 3 and 9 presented different diastolic BP response between the exercise protocols. Finally, 7 % (1/14) of the subjects reached the systolic MDC following HIIE and 21 % (3/14) following CE. Fig. 4 shows the correlation analysis of systolic and diastolic BP response between HIIE and CE protocols of each subject. There was a significant and positive correlation for systolic BP response between the exercise protocols, but not for diastolic BP. 
The main findings of this study were: (i) there was a similar average systolic PEH following HIIE and CE protocols, (ii) there was a considerable inter-individual responsiveness variability in BP responses following both protocols and (iii) intra-individual variability in BP responsiveness between CE and HIIE. To the best of our knowledge, this is the first report on inter-and intra-individual analysis of PEH following a single bout of aerobic exercise with different characteristics. The similar PEH during 60 min following CE and HIIE protocols found in our study was observed previously in young normotensive subjects [1, 27, 28] . Scott et al. [28] found similar PEH between CE (50 min at 10 % below to ventilatory threshold) and HIIE (12 × 1 min at 120 % VO 2 max, 4 min active recovery) in endurance-trained males (29.6 ± 5 years). Rossow et al. [27] also observed similar PEH between CE (60 min at 60 % HRreserve) and supra-maximal HIIE (4 × 30 s "all-out" Wingate sprints, 4.5 min active recovery) in endurance-trained men and women (25.5 ± 1.1 years). More recently, Angadi et al. [1] compared the BP response during 3 h post-exercise among CE (30 min at 75-80 % HRmax), near-maximal HIIE (4 × 4 min at 90-95 % HRmax, 3 min active recovery) and supra-maximal HIIE (6 × 30 s "all-out" Wingate sprints, 4 min active recovery) in young recreationally active adults (24.6 ± 3.7 years). The authors found similar PEH among all protocols (CE, near-maximal and supramaximal HIIE) in the first hour.
Despite the similar average systolic PEH between HIIE and CE, there was a considerable inter-individual responsiveness variability in BP responses following both protocols ("low responders" and "high responders"), which confirms our first hypothesis.
Given that inter-individual responsiveness variability in postexercise BP responses were reported in prehypertensive [16, 22] and hypertensive subjects [19, 24] , our results in healthy normotensive subjects support that inter-variability of PEH is independent of the presence of cardiovascular disease. Bruneau et al. [5] have showed that sample characteristics including age, BMI, sex and resting BP explained most (54.2-67.1 %) of the heterogeneity in BP responsiveness to acute as well as chronic aerobic exercise. However, it is possible that other factors may explain the inter-individual responsiveness variability in post-exercise BP found in our study given that we assessed only men with a very similar BMI and age. Therefore, differences in responsiveness to exercise of the several components involved in BP regulation (e. g., neural, humoral and mechanical) between "high-responders" and "low responders" might have occurred, and should be addressed in future studies.
The main novelty of this study is the intra-individual variability in PEH following CE and HIIE, indicating that subjects may respond differently according to exercise protocol employed. Interestingly, while some subjects presented greater responses following CE, other subjects displayed greater responses after HIIE. Rossow et al. [27] have observed that despite similar average PEH following CE and HIIE, the mechanisms associated to PEH were different between these protocols in normotensive subjects. Following HIIE the subjects presented a greater drop in the peripheral vascular resistance and a compensatory greater increase in cardiac output compared to CE. Therefore, it is plausible to speculate that some subjects fail to compensate the abrupt reduction in peripheral vascular resistance, presenting a more accentuated PEH after HIIE. In the opposite way, an accentuated adrenergic response to decreases in peripheral vascular resistance leading to a more accentuated increases in cardiac output might also have occurred in some subjects, reducing PEH after HIIE [30] .
It is important to highlight that our study used the MDC to define "low responders" and "higher responders" (inter-individual variability) as well as subjects that preferentially presented a greater magnitude of PEH following HIIE or CE (intra-individual variability between protocols). MDC is the minimal change necessary to provide confidence that the results are not a random variation or measurement error [8, 13] . Thus, MDC seems to be a more robust method to identity a "real" PEH occurrence. In this sense, it is crucial the reproducibility analysis of the pre-exercise BP measurements. In our study, pre-exercise BP measurements over one-week interval were very reproducible ( Table 1) , which agree with the data from the HERITAGE Family Study [29] . Previous studies have used a decrease of 3-5 mmHg as a significant PEH [2, 10, 22] . However, we found a value of 5.8 and 7.0 mmHg for systolic and diastolic BP, respectively, as the MDC for PEH occurrence in our sample. BP response following a single bout of exercise has been considered recently as a simple predictive clinical tool that can help to identify and manage "high responders" and "low responders" subjects to exercise training [23] . Based on our preliminary results regarding the intra-individual variability in BP responsiveness between CE and HIIE, it is reasonable to think that the BP response post-exercise may also help to assess (in a predictive way) which protocol a subject may be more responsive initially. Previous studies have observed that the acute BP responses following a single bout of exercise are correlated with changes in resting BP after 4-24 weeks of exercise training [16, 19, 22, 24, 31] . Despite the interesting findings of this study, some limitations need to be mentioned. First, the subjects did not perform a control session (no exercise). Second, the subjects performed a single bout of HIIE and CE, and we did not analyze whether the inter-and inter-individual variability in BP responsiveness is reproducible. Third, the BP measurements occurred during a short time (i. e., 60 min); therefore, further studies should assess the inter-and intra-individual BP responsiveness for several hours (e. g., ambulatory blood pressure monitoring). Fourth, the study involved only young normotensive males. Therefore, our findings may not be directly transferable to the prehypertensive and hypertensive populations or to females. Moreover, despite the instructions for the subjects to abstain from vigorous physical activity, caffeinated products and alcohol 24 h before the HIIE and CE bouts, and to maintain a good sleep pattern, we did not assess these aspects objectively.
In conclusion, PEH is a heterogeneous physiological phenomenon and, for some subjects, seems to be exercise-protocol dependent. Further investigations are necessary to confirm our preliminary findings and to examine possible mechanisms and factors related to the inter-individual heterogeneity of BP responsiveness to a specific exercise protocol as well as to the intra-individual variability between exercise protocols with different characteristics.
